| INTRODUCTION
Humans have three major salivary glands, the parotid glands, submandibular glands and sublingual glands, which are highly specialized exocrine organs that can secrete large amounts of protein and fluid containing various antimicrobial peptides, suggesting that these glands are involved in maintaining oral health homeostasis. 1 There are three main cell types in salivary glands: acinar cells, ductal cells, and myoepithelial cells. Both acinar and ductal cells can synthesize and secrete abundant protein, but acinar cells typically produce most proteins and are also most likely to be destroyed when the salivary glands are damaged. 2 Clinically, chronic sialadenitis is a predominant Jiajie Li and Bo Li contribute to this article equally.
disorder that causes salivary gland secretory dysfunction; histologically, this disorder is characterized by acinar atrophy, duct dilation, lymphocytic infiltrate and progressive fibrosis. 3 Chronic sialadenitis may be initiated by the retrograde infection of low-grade opportunistic oral flora, but it can also be caused by obstructive factors such as salivary gland stones, foreign bodies, and scar contractures. In addition, infection subsequent to radiation injury or an immune-mediated disease affects the occurrence of sialadenitis. 4 Acute and chronic salivary gland infections more often afflict the submandibular salivary glands and parotid gland; infections of the sublingual gland and minor saliva secretion glands are rare. 5 Therefore, understanding chronic sialadenitis is clinically important because salivary secretion is vital for protecting the oral environment.
Inflammation is pivotal in the pathophysiological processes of nonneoplastic salivary gland diseases and plays a protective or destructive role in response to endogenous or exogenous stimulation, mainly depending on disease stage and stress conditions. 6 Autophagy is an omnipresent and versatile intracellular degradation system for maintaining cellular homeostasis. The relationship between autophagy and inflammation is complex, and increasing evidence has revealed that autophagy plays a vital role in the development and pathogenesis of inflammatory and immune responses. 7, 8 In oral inflammatory and infectious diseases, autophagy can function in a cell-autonomous manner to balance the beneficial and detrimental effects of inflammation and immunity. 9 Autophagy may also be a survival mechanism for remaining acinar cells when the salivary gland is impaired. 10 Hence, it is particularly important to study the correlation between autophagy and salivary gland inflammatory diseases. However, there is no literature clearly demonstrating the roles of NOD2 and TLR4 in salivary gland inflammatory disease.
Current knowledge of TLR4 and NOD2 interactions is controversial, and the crosstalk between these reporters in the regulation of salivary gland defense and homeostasis has been underappreciated.
Therefore, the present study aimed to analyze the presence, distribution and colocalization of PRRs (TLR4, NOD2) and autophagy in human submandibular glands (HSGs The results are shown as the mean mRNA expression from triplicate measurements normalized to the internal control, GAPDH.
| Protein extraction and Western blot analysis
At the end of the incubation period, adherent cells were washed once with cold phosphate-buffered saline (PBS) and subjected to total protein extraction with RIPA lysis buffer (Beyotime Biotechnology, Songjiang District, Shanghai, China) supplemented with protease inhibitor.
The protein concentration was measured using the BCA Protein Assay
Kit (Pierce Biotechnology, Carlsbad, CA, USA). Equal amounts of protein were separated by 10%/12% sodium dodecyl sulfate-polyacryla- 
| Immunohistochemical (IHC) staining
IHC staining was performed as previously described. Two groups of human tissue samples were fixed in 4% buffered paraformaldehyde, dehydrated and embedded in paraffin. Then, the tissues were cut into 3 μm sections, deparaffinized and rehydrated before antigen retrieval in 10% EDTA (pH = 9.0). 
| Statistical analysis
All experiments were independently repeated at least three times.
Data are reported as the mean ± SEM. All data were visualized and analyzed using GraphPad Costimulation of LPS and MDP strongly increased the mRNA and protein expression of NOD2 and TLR4 in HSG cells, and LPS alone increased NOD2 levels compared with the NOD2 ligand, MDP; TLR4 mRNA and protein levels were lower in the costimulated group than in the LPS or MDP alone group. β-actin was used as a loading control. Experiments were repeated at least three times. Mean ± SEM; *P < 0.05, **P < 0.01, ***P < 0.001 vs control group. #P < 0.05, ##P < 0.01, ###P < 0.001 vs the LPS group
(A) (B) (C) (D) (E) (F) (G) (H) (I) (J) (K) (L) F I G U R E 1 Expression of TLR4, NOD2, interleukin-1β (IL-1β), and autophagy-related proteins (LC3, ATG5) in human salivary gland tissue.
Human salivary gland tissues from the normal and chronic submandibular sialadenitis groups were subjected to HE (A-B) and IHC staining (C-L); scale bar = 50 μm. A, Normal tissue histology includes structures containing a large number of serous acini containing secretory granules and small numbers of mucous acini and mixed acini, with regular ducts visible within and between lobules. B, Chronic sialadenitis histology includes the dilation and hyperplasia of ducts within and between lobules, diffuse lymphocytic infiltration and a large number of atrophic acini, which are replaced by hyperplastic fibrous connective tissue. Cytoplasmic staining of NOD2 (C-D) was detected not only in normal serous acini but also in residual acini and ducts of submandibular sialadenitis tissues. Membrane staining of TLR4 (E-F) and cytoplasmic staining of IL-1β (G-H), LC3 (I-J) and ATG5 (K-L) were strong in residual acini and ducts of submandibular sialadenitis tissues. TLR4 was also detected in normal ducts (E), while the other indicators were barely detected in normal tissues
These results show that TLR4 and NOD2 are involved in autophagy in HSG tissues under inflammatory conditions. To further explore the relationship between PRRs and autophagy in submandibular gland inflammation, we performed double immunofluorescence experiments in human submandibular tissues ( Figure 5 ). The colocalization (yellow, Figure 5E -H, M-P) of TLR4 (in red, Figure 5A ,B) or NOD2 (red, Figure 5I -J) with ATG5 (green, Figure 5C -D, K-L) was mainly observed in the dilated ducts of human chronic submandibular sialadenitis F I G U R E 4 Upregulation of autophagy-related proteins by NOD2 and TLR4 costimulation in human salivary gland epithelial cells. Real-time PCR (A-C) and Western blot (D) detection of the autophagy-related proteins ATG5, LC3I/II, and Beclin1. The initiation of autophagy was marked by increased expression of LC3I/II, ATG5 and Beclin1 (E). The mRNA and protein expression levels of autophagy-related proteins (ATG5, LC3I/II, Beclin1) increased gradually and sequentially in the MDP, LPS and LPS and MDP costimulated groups compared with the control group, and the increased expression was most significant in the LPS and MDP costimulated group. β-actin was used as a loading control. Experiments were repeated in triplicate. Mean ± SEM; *P < 0.05, **P < 0.01, ***P < 0.001 vs the control group. #P < 0.05, ##P < 0.01, ###P < 0.001 vs the MDP group, @P < 0.05, @@P < 0.01, @@@P < 0.001 vs the LPS group tissues but was not obvious in the normal submandibular gland tissues.
| Upregulation of TLR4 and NOD2 expression in MDP/LPS-treated HSG cells
These results primarily indicate that NOD2 and TLR4 may have a synergistic effect on the activation of autophagy under conditions of submandibular gland inflammation. | 93 inflammatory diseases. 11, 12, 20, 21 However, studies of their role in salivary gland inflammatory disease are rare. Our present study is the first to report that TLR4 and NOD2 have unique expression sites in salivary glands, and our data suggest that the coregulation of TLR4
| DISCUSSION
and NOD2 may synergistically activate autophagy under conditions of submandibular gland inflammation.
As an important mechanism of intracellular homeostasis, autophagy is closely related to inflammation.
The hallmark of autophagy is the formation of autophagosomes with surface LC3 protein expression. ATG5, a necessary genetic marker for macrophages, also plays an important role in the course of autophagy. 22, 23 In this study, we detected high expression of these two important autophagy-related proteins in residual acini and dilated ducts of chronic submandibular sialadenitis tissue but scarce expression in normal tissues. These results suggest that autophagy is critically involved in chronic submandibular sialadenitis. Autophagy, a process that aims to avoid cell death, usually occurs before apoptosis. 24 The progression of sialadenitis is always accompanied by atrophy of the salivary glands, which is a slow and complex process. lead to sialadenitis, they potentially induce a direct antimicrobial response through NOD2 or TLR4 and further enhance TLR4-mediated cellular activities, which we consider to be the main cause of the increased NOD2 expression in both residual acinar cells and dilated ducts. Thus, we suspect that TLR4 might play a major role in TLR4 and NOD2 synergism in regulating the activation of autophagy, while NOD2 might be a necessary auxiliary PRR. Further study is needed to clarify this issue.
In conclusion, TLR4 and NOD2 are functional receptors that have unique expression sites in salivary glands but also have a synergistic effect on the activation of autophagy in salivary gland inflammation. Further studies are needed to uncover the specific mechanism by which TLR and NLR signaling pathways regulate autophagy in sialadenitis and to provide new ideas for the clinical treatment of sialadenitis.
ACKNOWLEDG EMENTS
This research was financially supported by grants from National Nat- 
